This study was conducted to evaluate the effects of planting arrangement and phosphate biofertilizer on soybean yield and yield components under different weed interference periods at the Agricultural Research Farm of Razi University, Kermanshah, west Iran. The experiment was a factorial with three factors arranged in a randomized complete block design with four replications. The first factor was planting arrangement (50 and 5 cm (P1) or 25 and 10 cm (P2) for inter-row and inter-plant spacings, respectively), the second factor was phosphate biofertilizer (no-inoculation (I0) and inoculation (I1)) and the third factor was weed treatment (full season weed-free condition (W0), weedy condition until soybean 4-trifoliate stage (W1), weedy condition until soybean flowering stage (W2) and full season weedy condition (W3)). Results revealed that the highest soybean yield occurred when weeds were controlled throughout the growing season and soybean was planted at the inter-row and inter-plant spacings of 25 and 10 cm, respectively (P2) whether phosphate biofertilizer was used or not. For both planting arrangements, full season weedy condition at the lack of the biofertilizer led to the lowest soybean yield produced. Weed biomass was not significantly affected by use of biofertilizer. The highest weed biomass was established in plots without weed control throughout the whole growing season and soybean was planted in a wider row spacing and a less uniform spatial arrangement (P1). Moreover, For W2 and W3 treatments, soybean planted in a narrower row spacing and a more uniform spatial arrangement (P2) produced a notable lower weed biomass, so that, this planting arrangement reduced weed biomass by 31.8 and 31.7 % in W2 and W3, respectively as compared to the P1 planting arrangement. It can be concluded that soybean planting in a more uniform spatial arrangement via a narrower row spacing can significantly improve soybean yield and suppress weeds. Phosphate biofertilizer had no significant effect on soybean yield when soybean was planted as the P2 and weeds were controlled throughout the growing season.
INTRODUCTION
Soybean (Glycine max L.) is an important twopurpose crop which is extensively grown as a source of edible oil and protein for human nutrition in Iran. In soybean, weed infestation is considered a persistent and complex constraint in many regions of the world, as it influences soybean growth and development through competition for nutrients, water and light (Vollmann et al. 2010) as well as the production of allelopathic compounds (Rice 1984; Bhowmik and Doll 1982) . Weeds are a serious constraint to easy harvesting in soybean and can reduce yield and economic returns. Thus, weed control is considered a key factor for successful soybean production, and various weed management systems have been developed for that purpose (Buhler and Hartzler, 2004) . Weed control in soybean can be labor intensive or involve the intensive use of herbicides in Iran. Intensive herbicide use can increase costs, pose a threat to the environment and may promote the development of herbicide resistancein weeds. The implementation of an integrated weed management (IWM) system is seen by many weed scientists as a means of achieving the goal of reducing the amount of herbicide used while still maintaining crop yield (Swanton and Weise 1991) .
According to Johnson et al. (1997) there is a trend towards reducing crop row width as a means of increasing crop competition to suppress weeds. Early results in narrow-row soybean show that this method can provide adequate weed control and soybean yield (Steckel et al. 1990; Prostko and Meade 1993) . Narrow rows make more efficient use of available resources and should allow quicker canopy closure and thus quicker shading of the ground thereby improving weed control (Fernandez et al. 2002) . In general, crop competitive ability can also be increased by improving planting uniformity. Olsen et al (2005a; 2005b) reported that wheat produced more biomass and had less weed biomass as crop planting uniformity increased. According to Weiner et al. (2001) a more uniform planting distribution should enable crops to compete more successfully with weeds. In Iran, soybean is usually planted in a wide row spacing (50 cm). This row spacing can reduce potential crop yield and economic return due to less efficient use of available resources such as light, water and nutrients by the soybean plants and increase weed infestation.
Moreover, the competitive relationship between crop and weeds is highly dependent on many factors including the characteristics of the crop and the weeds, the environmental variables, the cultural practices (Knezevic et al. 2002) and supply and availability of nutrients (Evans et al. 2003; Di Tomaso 1995) . The availability of nutrients can influence the timeliness and extent of early season competition from weeds (Weaver et al. 1992) . Phosphorus is an important element which can affect the competitive interactions between a crop and weeds. It is only second to nitrogen as a mineral nutrient required for plant growth (Ogbo 2010) . Most of the soils in Iran are phosphorous deficient or marginally deficient and a massive increase in the rate of application of chemical fertilizers has been adopted to ameliorate this deficiency (Cox et al. 1993 ). However, a large proportion of the phosphorous content of chemical fertilizers is quickly transformed to the insoluble form such as calcium phosphate, thereby making them unavailable to plants. In addition, there are global concerns that the un-balanced use of chemical fertilizers has a role in environmental degradation and climate change (Day and Quinn 1989; Daynard et al. 1971) . However, nutrients applied to soils are also available for weeds and these un-wanted plants are better able to utilize added nutrients than crops (Carlson and Hill 1986; Peterson and Nalewja 1992) . Therefore, in an attempt to reduce environmental risk and cost with chemical fertilizer use and increase crop nutrient use efficiency, phosphorous biofertilizers (phosphate-solubilizing microorganisms) has been considered as possible substitutes for traditional mineral P fertilizer. These microorganisms have been distinguished by their relative ability to dissolve calcium phosphate and apatite in association with plant roots. This activity was attributed to organic acid and chelating metabolites produced by these microorganisms (Deinum et al. 1996; Dong and Pierdominici 1995) . However, phosphate biofertilizer have shown variation in their performance in related to their environmental condition.
This study was carried out to investigate the effects of phosphorus biofertilizer and planting arrangement on soybean under different weed pressure treatments in Kermanshah, west Iran.
MATERIALS AND METHODS
The study was carried out in 2009 at the Agricultural Research Farm of Razi University, Kermanshah, west Iran. The soil type was a silty clay with a pH of 7.8 and 0.8 % organic matter. The land was plowed and disked before planting. The soybean cultivar was 'Williams' (a cultivar that is commonly planted in the region). All soybean seeds were inoculated with Bradyrhizobium japonicum Kirchner bacterium prior to sowing. The crop was planted on 9 May 2009 at a constant density of 40 plants m -2 . Soybean is a summer and irrigated crop in western Iran; therefore, it is not dependent on seasonal rainfall. Irrigations were carried out at 7-9 day intervals throughout the growing season in term of crop need.
The experiment was a factorial with three factors arranged in a randomized complete block design with four replications. The first factor was planting arrangement (50 and 5 cm (P1) or 25 and 10 cm (P2) for inter-row and inter-plant spacings, respectively), the second factor was phosphate biofertilizer (no-inoculation (I0) and inoculation (I1)) and the third factor was weed treatment (full season weed-free condition (W0), weedy condition until soybean 4-trifoliate stage (W1), weedy condition until soybean flowering stage (W2) and full season weedy condition (W3)). Each plot consisted of six soybean rows of 8 m long with predetermined inter-row and inter-plant spacings. Before planting, the seeds were also inoculated with phosphate biofertilizer (Barvar 2) containing the phosphate solubilizing microorganisms Pantoea agglomerans Eving and Fife and Pseudomonas putida Trevisan. Weed removal was carried out by hand.
At maturity, soybean plants located at 4 m 2 from each plot were harvested by hand and allowed to dry to a constant mass and weighed and biological yield (total aboveground dry mass) was determined. Subsequently, they were threshed and cleaned and seed yield was calculated. Then harvest index (HI) was calculated according to the following equation:
Additionally, 100-seed weight were determined according to the recommendations of the International Seed Testing Association (ISTA) (Draper, 1985) . Before harvesting, the number of pods per plant and the number of seeds per pod were measured on 5 randomly selected plants in the centre rows of each plot, except from the rows that were used for yield measurement. Weed biomass was also measured by harvesting weeds at the ground level in three random 0.5×0.5 m quadrats in each plot at the end of the growing season for the W3 treatment and before each weed removal for the W1 and W2 treatments. Then weeds dried at 75° C to constant mass and weighed. Data analyses were carried out using SAS (SAS Institute 2003).
RESULTS AND DISCUSSION
Analysis of variance (Table 1) revealed that all of the traits under study including soybean seed yield (SY), the number of pods per plant (PPP), the number of seeds per pod (SPP), 100-seed weight (SW), harvest index (HI) and weed biomass (WB) were significantly affected by weed treatments (at the 0.01 level of probability). There was a significant three-way interaction (weed treatment×planting arrangement×phosphate biofertilizer) for SY, PPP and SPP. The significant two-way interactions including weed treatment×planting arrangement, weed treatment× phosphate biofertilizer and planting arrangement×phosphate biofertilizer were observed for HI. However, SW was significantly affected by the two-way interactions including weed treatment×planting arrangement, weed treatment×phosphate biofertilizer. However, WB was influenced by a two-way interaction (weed treatment×planting arrangement) and phosphate biofertilizer alone or in combination with other factors had no significant effect on this trait. ns, * and **: Non significant and significant at the 0.05 and 0.01 level of probability, respectively
The highest SY was obtained when weeds were controlled for all of the growing season (W0) and soybean was planted at the inter-row and interplant spacings of 25 and 10 cm, respectively (P2) whether phosphate biofertilizer was used or not (Table 2 ). For both planting arrangements, full season weedy condition (W3) and at the lack of the biofertilizer (I0) led to the lowest SY (Table 2) . It seems that in weed free condition and a more uniform planting arrangement soybean yield is not significantly affected by phosphate biofertilizer due to a lower competition for this essential element. However, in the presence of weeds, phosphate biofertilizer could reduce the harmful effects of these unwanted plants. In general, soybean seed yield decreased when the weed interference period increased. Although, in most cases, the reductions were lower when soybean was planted as the P2 planting arrangement when compared with the P1 planting arrangement (Table  2) . Row spacing and spatial uniformity can play important roles to manage weeds in cropping systems. Mohammadi et al. (2012) reported that corn yield was improved and weed biomass was decreased in response to decreasing row spacing. Moreover a more uniform crop spatial (as seen at the P2 planting arrangement) decreases competition within the crop population early in the growing season (Olsen and Weiner 2007) and maximizes the total shade cast by the crop by reducing self shading (Weiner et al. 2001 ). According to Kristensen et al. (2008) in the presence of weeds the highest yields were obtained with high spatial uniformity.
The highest PPP was occurred in the plots in which weeds were removed throughout the growing season, phosphate biofertilizer was applied and soybean was planted as the P2 planting arrangement (Table 2 ). This can be attributed to the lack of weed harmful effects on the crop, more crop spatial uniformity and consequently a lower competition among the soybean plants. Moreover, many researchers have reported an improve in growth and P-uptake by crops through the inoculation of phosphate solubilizing microorganisms in pot experiments (Vassilev et al. 2006; Omar 1998) and under field conditions (Valverde et al. 2006; Duponnois et al. 2005; De Freitas et al. 1997) . In a study, Mittal et al. (2008) observed two-fold increase in seed number of chickpea due to the use of phosphate solubilizing microorganisms. The number of seeds per pod didn't show an obvious response to the treatments under study, although, in most cases, full season weedy condition and weedy condition until soybean flowering stage led to the lowest values of this trait (Table 2) . Weed interference until 4-trifoliate stage didn't significantly influence 100-seed weight when compared with full season weed free condition, although, the longer weed interference reduced this yield component, notably (Fig. 1) .
However, for all of the weed treatments, the use of phosphate biofertilizer didn't significantly affect soybean 100-seed weight (Fig. 1) . Moreover, for all weed treatments, 100-seed weight was higher when soybean was planted as the P2 planting arrangement (Fig. 2) . Although, the positive effect of this planting arrangement on soybean seed mass was more obvious in the plots in which weeds were controlled throughout the growing season (Fig. 2) . Harvest index was significantly influenced by phosphate biofertilizer×planting arrangement interaction (Table 1 ). The highest HI was observed in the more uniform spatial arrangement (P2) and when phosphate biofertilizer was applied (Fig. 3) . Moreover, weed free condition for the entire growing season led to the highest HI when soybean was planted as the P2 planting arrangement (Fig.  4) . Harvest index is the fraction of the total crop biomass allocated to the economic yield (Williams et al. 1989; Sto¨ckle et al. 1994 ) and a higher HI indicates a more crop efficiency to allocate the produced biomass to the seeds. It seems that, the lower inter-and intra-specific competitions and higher phosphorus available for the crop can significantly increase the biomass allocated to soybean generative organs and consequently improve HI. Weed biomass was also significantly affected by weed treatment×planting arrangement interaction (Table 1 ). The highest weed biomass was produced when weeds were not controlled throughout the growing season and soybean was planted in wider row spacing and a less uniform spatial arrangement (P1) (Fig. 5) . For W2 and W3 treatments, soybean planted in a narrower row spacing and a more uniform spatial arrangement (P2) produced a notable lower weed biomass, so that, this planting arrangement reduced weed biomass by 31.8 and 31.7 % in W2 and W3, respectively as compared to the P1 planting arrangement. However, in W1 treatment there was no significant difference between the two planting arrangements in term of weed biomass (Fig. 5) indicating the important weed suppressing effect of a more uniform planting arrangement in the higher weed pressure conditions. In general, crop canopy expansion and soil cover vary with planting arrangement (Ottman and Welch 1989; Tetio-Kagho and Gardner 1988) .
According to Fernandez et al. (2002) radiation interception and use efficiencies as well as nitrogen use efficiency of crop were positively related to the increased planting uniformity and for maximum weed suppression, crop should be planted in a square or triangular lattice arrangement. In another study, Mohammadi et al. (2012) found that both crop yield and weed control can be improved by increasing the planting spatial uniformity in a corn cropping system.
There was a negative and significant correlation between soybean yield and weed biomass produced (r = -0.76). It can be concluded that increasing soybean yield in the P2 plots is mainly due to a higher weed suppressive effect of this planting arrangement. However, a lower intraspecific competition can also play an important role. Kristensen et al. (2008) reported that in the presence of weeds the highest yields were obtained with high crop density and high spatial uniformity. Abbreviations: W0, W1, W2 and W3: full season weed free condition, weedy condition until soybean 4-trifoliate stage, weedy condition until soybean flowering stage and full season weedy condition, respectively. P1: soybean planted at the inter-row and inter-plant spacings of 50 and 5 cm, respectively; P2: soybean planted at the interrow and inter-plant spacings of 25 and 10 cm, respectively.
CONCLUSION
This study revealed that soybean planting in a more uniform spatial arrangement via a narrower row spacing can significantly improve soybean yield and reduce weed growth especially in a higher weed pressure condition. Phosphate biofertilizer had no positive effect on soybean yield when soybean was planted in a more uniform spatial arrangement (P2) and weeds were controlled for the entire growing season. However, in the presence of weeds and a decreased planting uniformity (P1), the biofertilizer could significantly improve soybean yield indicating a Plimitation in this condition probably due to the higher intra-and inter-specific competitions for this essential element.
